Deoxyribonucleic acid-ribosomal ribonucleic acid hybridization studies revealed that the pink-pigmented facultative methylotrophs that are in part classified as pseudomonads are not related to members of the established ribosomal ribonucleic acid homology groups of the genus Pseudomonas. The molecular data support inclusion of the pink-pigmented facultative methylotrophs in the genus Methylobacterium, as suggested by Green and Bousfield (Int. J. Syst. Bacteriol. 339375477, 1983).
in the genus Methylobacterium as the most appropriate place for them.
The alleged and formerly widely accepted taxonomic relationship between the PPFMs and the pseudomonads was examined by deoxyribonucleic acid (DNA)-ribosomal ribonucleic acid (rRNA) hybridization studies in which we used representatives of the five previously defined rRNA homology groups of the genus Pseudomonas (22) and several PPFMs.
MATERIALS AND METHODS
Bacteria. The bacteria which we studied are listed in Table  1 . In addition to some selected representatives of the five Pseudomonas rRNA homology groups and a variety of PPFMs deposited in culture collections as members of the genera Pseudomonas, Protaminobacter, Corynebacterium, and Methylobacterium, four PPFM strains which we isolated were included in this study. It has been claimed that Methylobacterium organophilum is a facultative methane oxidizer (13, 23) . The reference culture included in this study (strain NCIB 11278T [T = type strain]) did not oxidize methane (data not shown) but possessed the typical properties of the PPFMs.
Media and growth conditions. The PPFMs were grown in a * Corresponding author.
synthetic medium containing 10 mM NH4C1, 0.8 mM M g S 0 4 . 7 H 2 0 , 0.01 mM F e C 1 3 . 6 H 2 0 , 0.1 mM CaC12 . 2H20, 20 mM KH2P04, 0.05% yeast extract, and 1% methanol. The pH was adjusted to 6.9. Stock cultures were maintained on slants of the same medium containing 1.5% agar. The non-methanol-utilizing strains of different Pseudomonas species were grown in 0.8% nutrient broth (E. Merck AG, Darmstadt, Federal Republic of Germany) supplemented with 0.5% glucose. Pseudomonas aeruginosa was grown at 37"C, and all other strains were cultivated at 30°C. Labeling of RNA. The methylotrophic organisms were grown in the synthetic methanol-containing medium; Pseudomonas putida was supplied with separately sterilized 0.5% glucose instead of methanol. For ribonucleic acid (RNA) labeling, [2-14C] uracil (specific activity, 52 mCilmmo1; Amersham-Buchler, Braunschweig, Federal Republic of Germany) was added to the growth medium, resulting in a final concentration of 1 pCi/ml. The cells were harvested at the end of the logarithmic growth phase and stored at -20°C. Labeled RNAs were isolated from P s e u d o m o n a s extorquens, Pseudomonas putida, and strain PPFM 37.
Preparation of labeled 16s RNA. The labeled cells were suspended in 10 ml of electrophoresis buffer (E-buffer), which was composed of 40 mM tris(hydroxymethy1) aminomethane hydrochloride, 20 mM sodium acetate, 1 mM ethylenediaminetetraacetate, and 0.2% sodium dodecyl sulfate (SDS) (pH 7.2) (16). After 0.2% diethylpyrocarbonate (9) was added, the cells were disrupted by passing the suspension through a precooled French pressure cell at 20,000 lb/in2. The resulting lysate was immediately dropped into the same volume of phenol saturated with E-buffer and thus deproteinized. The residual phenol was extracted with diethylether. The nucleic acids were precipitated by adding 2 volumes of ethanol at -20°C and were collected by centrifugation. The rRNA was separated from the other nucleic acids on a 2.8% SDS-polyacrylamide slab gel as described by Stackebrandt et al. (27) . The 23s and 16s RNA bands were identified by illumination with ultraviolet light (16) .
For subsequent electrophoretic elution the 16s RNA bands were cut out and embedded in an agarose column (1% agarose in E-buffer without SDS). The elution tubes had an internal diameter of 1.5 cm and were 10 cm long. For collecting RNA, the upper end of each tube was sealed with a dialysis membrane which separated a volume of about 1 ml from the gel buffer of the electrophoretic chamber (type DEP 100; Wissenschaftlich Technische Werkstatten, Weilheim, Federal Republic of Germany). Elution from the agarose
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NUCLEIC ACID HYBRIDIZATION OF PPFMs AND PSEUDOMONADS 25 (17) . The PPFMs required additional incubation with proteinase K (50 p,g/ml; Boehringer GmbH, Mannheim, Federal Republic of Germany) for at least 6 h at 37°C. Then the crude extract was centrifuged for 10 min at 20,000 X g , and the DNA was precipitated with 0.6 volume of isopropanol, dissolved in 0.1 x SSC, and treated with chloroform-isoamyl alcohol (24:l) by the method of Marmur (17) . For the pseudomonads, the original recipe was used. The method for purification of DNA described by Marmur (17) was modified as follows. DNA was precipitated with 0.6 volume of isopropanol (instead of ethanol). After ribonuclease treatment, proteinase K (50 p,g/ml) was added; this was followed Fixation of DNA on membrane filters. An 800-pg portion of high-molecular-weight DNA was denatured by alkali treatment (0.5 N NaOH for 20 min), brought up to 6 X SSC (7), and allowed to soak at 4°C through a membrane filter (type BA83; diameter, 50 mm; pore size, 0.2 pm; Schleicher & Schuell, Inc., Keene, N.H.). For hybridization, small disks (diameter, 8 mm) containing about 20 pg of DNA were punched from the filter.
DNA base composition. Guanine-plus-cytosine (G + C) contents were calculated from thermal denaturation temperatures (18) . DNA dissolved in 0 . 1~ SSC was transferred to a thermocuvette, and measurements were performed automatically with a type 250 spectrophotometer (Gilford Instrument Laboratories, Inc., Oberlin, Ohio). The increase in absorbance at 260 nm was recorded, and the G+C content was calculated from the thermal denaturation value by using the following equation of Owen et al. (20) : G+C content = 50.7 08 (T, -T,,) , where T , was the melting temperature of the unknown DNA in 0 . 1~ SSC and T,, was the melting temperature of Escherichia coli DSM 30083 DNA having a G+C content of 50.7 mol% (29) .
DNA-rRNA hybridization. A small filter (diameter, ca. 8 mm) loaded with approximately 20 pg of DNA was incubated with labeled 16s RNA in 2~ SSC-20 FA at 50°C as described by de Ley and de Smedt (6). The technique was modified by using a reaction volume of 200 pl (19) and an input of 1.0 pg of RNA per filter, corresponding to a ratio of DNA to RNA of 20:l. Hybridization was stopped by cooling the preparation in an ice bath, and the filters were removed, rinsed twice in 50 ml of 2 x SSC, and incubated for 1 h at 37°C in 1 ml of 2X SSC containing 50 pg of ribonuclease (Boehringer). For removal of nonspecifically bound RNA, the filters were subsequently incubated in 1 ml of 2 x SSC-20 FA for 15 min at 50°C (16), washed in 2 x SSC, and dried at 60°C for 3 h. After scintillation fluid was added, the amounts of radioactivity bound to the filters were determined with a liquid scintillation counter (system MR DPM; Kontron, Eching, Federal Republic of Germany). The activities of the filters were measured for 10 min. Subsequently, the filters were removed, washed in toluene, and dried. The amounts of DNA on the filters were then determined by the method of Burton (4) . The thermal melting points [T,,,,] of the rRNA-DNA hybrids were determined in 1 . 5~ SSC-20 FA by using the method of de Ley and de Smedt (6).
RESULTS AND DISCUSSION
The PPFMs had G+C contents between 65 and 68 mol% (Table 1) . Although the pseudomonads had comparable G+C contents (58 to 71 mol%), this coincidence does not prove taxonomic relationship.
The levels of DNA-rRNA hybridization were expressed by two parameters, T,(e) and percentage of rRNA binding (Table 2) . Tm(e) was defined as the temperature at which 50% of the hybrids were denatured, and the percentage of rRNA binding indicated the amount of RNA bound to 100 pg of DNA (6) . Since hybridization of DNA with 16s or 23s RNA leads to the same result (15, 25) , the 16s fraction was used because of obviously higher stability against degradation. The RNA preparations used in this study had the following specific activities: Pseudomonas putida, 8,800 c p d k g of RNA; Pseudomonas extorquens, 30,000 c p d p g of RNA; and strain PPFM 37, 22,200 c p d k g of RNA. As shown by the similarity maps ( Fig. 1 and 2) , the members of the five rRNA homology groups defined by Palleroni et al. (22) are not related to the PPFMs which we studied. The distance in the similarity maps is apparent, irrespective of the reference 5""" strain used to prepare I4C-labeled rRNA (strain PPFM 37 in Fig. 1 ; Pseudomonas extorquens in Fig. 2 ). Hybridization studies with labeled RNA from Pseudomonas putida revealed that, as expected, members of homology group I (Pseudomonas putida and Pseudomonas aeruginosa) had comparable T,(e) values, while the relationship of these organisms to representatives of the other homology groups (groups I1 to V) did not differ considerably from that of the PPFMs tested (Table 2) . Although the Tm(e) values of the pink-pigmented methanol oxidizers revealed a high degree of similarity, the PPFMs do not represent a single cluster ( Fig.  1 and 2) . Our results confirm the heterogeneity of the PPFM group and are in accordance with the results of previous taxonomic studies based on physiological and biochemical data (10, 12, 30, 31) . As shown by Green and Bousfield (lo), the taxonomic distance between Pseudomonas mesophilica and the other PPFMs is relatively wide.
It has been suggested by Palleroni et al. (21, 22) that each rRNA homology group of the present genus Pseudomonas should be given generic rank because of differences in nucleic acid homology (22) and 16s oligonucleotide catalogs (28) . According to Palleroni (21) , the genus Pseudomonas should be reserved for members of homology group I, represented by Pseudomonas aeruginosa as the type species. In view of the unsatisfactory taxonomic situation within the genus Pseudomonas and the differences in values between Pseudomonas spp. and PPFMs ( Fig. 1 and  2 On the basis of their taxonomic studies, Green and Bousfield (11) proposed that the PPFMs should be placed in the genus Methylobacterium. Later, Urakami and Komagata (31) suggested that the PPFMs should be included in a new genus, Protomonas, with Protomonas extorquens as the type strain. Recently, the bacteria in the genus Protomonas were reclassified in the genus Methylobacterium (Bousfield and Green 1985) . Our DNA-rRNA hybridization data support the view that the PPFMs represent one distinct taxonomic cluster. Because of nomenclatural priority over Protomonas, Methylobacterium is the most appropriate genus for these organisms.
